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INTRODUCTION

Lift and drag tests were made in the Langley two-
dimenslional tunnel of thres airfoil models submltted by
the Consolidated Alrcraft Corporation. The models
represented lntermedlate sectlionas on aiternative wingsa
of the XB-32 alrplane and were squipped with 0.3c Fowler
flaps .

The three alternative wings, sectlions of which were
represented by the models, were as follows:

l. A Davis wing.

2. A wing obtained by adding a glove to the Davis
wing with a forward extension of the leading edge. The
resulting shape approximated a low-drag type sectlon over -
the forward portion while retalning the shape of the Davis
wing over the rear portion. ©Such a glove, 1f applied
over exlsting structure, would increase the chord of the
wing and reduce the relative thickness. The model, however,
was of the same chord and thickness as the other models.
This section was designated C.A.C. by the Consolidated
Alreraft Corporation and 1s so designated throughout this
report.

3, A wing with the NACA 65,2-221, a = 1 .section
at the root and the NACA 66, 2X-416, a = 0.6 section at
the tip. This model is designated the NACA low-drag model.

The models were tested with verilous flap deflections
up to 40°. Most of the tests were made at a value of
the Reynolds number of about 6,000,000, Additional flap
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positions were tested on the -model representing the NACA
low-drag wing to 1mprove the drag of the sectlon 1in the
crulsing and cllimbing ranges of 1lift coefficlents and

to obtaln 1mproved maxlimum 11ft coefflclents.

DESCRIPTIOK OF MODZLS

The models were constructed by the Consolidated
Alrcraft Corporation and were of 21-1inch chord and
approximately 18 percent thick. The models woere equlpped
wlith pressure-distributlion orifices.

The models wers constructed of wood and mcetal. The
greater part of the maln alrfoll surface was finlshed with
paint. The metal flaps wore attached with four brackets,
a separate set of brackets being provided for each flap
deflection. FYFor these tests, one flap bracket of oach
set was not used to allow a sufficlent spauwlse space
free of brackets to pcrmlit drag measurements to be made.
As recelved, the tubes from the pressure orlfices in the
flaps projJected from the flap leeding edges in such a
manner as to lnterfere with the flow through the slot.,
These tubes were removed and wlll be replaced later as
requlred for pressure-distribution measurements. The
appearanco of the models with these tubes removed and wilth
three flap brackets in place as tested 1s shown in figures
1 and 2. During the first tests on the Davls modsl,
conslderable trouble was experlienced by vibration of the
plate forming the 1llp of the airfoll. Braces to stiffen
this plate were accordingly installed on all models as
shown in figurs 3.

TEST MHETIIODS

The models were tested in the Langley two-dimensional
tunnol, which 1s characterized by an extromely low alr-
stream turbulence. The models extended from wall to
wall of the rectangular toest section. Lift data woere
obtained by means of a manometor arrangement which intograted
the 1ift roaction of the model on the floor and celling of
the tunnél test section. Comparison of such readings with
1ifts obtained from model pressure distributlions has shown
the method to be reliable. Drag data wore obtalned by the
wake-survey method, using an integrating manometer.

---------------------liil
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Moat of the tests were made at tunnel pressures of
elther 3.or. L atmospheres. Care waes taken to avoid
airspeeds which might involve Gompressibility erfeets at
high 1irft coefficients.

The values of the section 1lift coefficlents should
be corrected by the following equations, which were not
applied when the data were computed:

Davie alrfoll: = 0.978¢; + 0,0240;,

®l(corrected)

C.A,C. airfolil: ¢ = 0.993c3 + 0.013cy
Y{oorrecton) i b

NACA low~drag airfoil:

®2(correched) 0.952c7 + 0.01503,,

where o3, 18 the seotlon 1ift coefficient at a = 20

for both the Davis and the C.A.C. airfoil. For the
NACA low-drag airroil 1y 1s the section 1ift coeffl-
clent at a = 1°

RESULTS AND DISCUSSION
K Davis Model

Lift curves for the Davis model plotted against
angle. of attack are gresented in figure h for flap
" deflections of 0° £ and };0°. 8cale effect
on the meximum lift coerﬂfbients for flap deflections
of 0° and [j0° 1s shown in figure 5. This model gave a
meximum 1ift coefficient of about 1.4 at a Reynolds number
of 6,000,000, flap retracted, and sbout 3.4 at the same
Reynolds number with the flap deflected 409,

_ Profile~drag coefficients for the Davis model are
“plotted against 11£t coefficient in figure 6 for fleap

. deflections of 0°, 5°, and 10°, This model showed
favorable drag oharacteriatics with. flap retracted 1in
the range of 1ift coefflcients useful in oruising and
climb.  Deflections of the flap to 5° or 10° in the
pvsltions determined by the brackets supplied 4id not
improve the characteristics of the airfolil in this respect.
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C.A.C. Model

L1ft curyes for the C.A.C. model plotted against-
angle of attack are presented 1n figure 7T for flap
deflections of 0°, 5°, 20°, and }0°. Scale effects on
the maximum 1ift coefficlents for flap deflections of 0°,
20°, and LO° are shown in figure 8. This model produced
about the same maximum 1lift coefficients as the Davis
model for the flap-neutral condition but lower values
for the flap fully deflected, the maximum 1ift being
about 3.1l.

Profile~drag coefficients for the C.A.C. model are
plotted agelnst 1ift _coefficlents in figure 9 for flap
deflections of 0°, 5°, and 20°. This model was not
tested with a flap deflection of 10° because of the
fallure of this deflection to show favorable results on
the Davis model and because of the inorease in drag
caused by the 5° deflection. This model gave lower drag .
coefficlents than the Davls model at 1lift coefficilents
less than about 0.65 but higher drag coefficients at
1ift coefficients above this value. The minimum drag
coefficient was about 0.0048 at a 1ift coefficient of
sbout 0.5,

Low-Drag Model

Lift coefflcients for the low-drag model plotted
against angle of attack are presented in figure 10 for
various flap deflections. Scale effects on the maximum
11ft coefficients are shown in figure 1l for flap deflections
of 0°, 20°, and }40°. The meximum 1ift coefficlent for the
model with flap retracted is higher than for either of
the other models and about the same (%.1) as for the
C.A.C. model with flap deflected 40°,

The model was also tested with the flap deflected
30° with the flap leading edge in the same position as
for the [0° deflection. The maximum lift obtained was
about the same as for the L,0° deflection, being 3.07
against 3.10. The slot shape for elther of these conditions
dld not appeer to be very favorable, so the model was
tested with the flap deflected 30° but moved back until
the flap leading edge was directly under the lip. The
gap in this case was 0.02lc. The maximum 1ift obtained
in this case was 3.3 (fig. 10). Only half this increase
from the previous value can be ettributed to increase in
chord of the section. It accordingly appears that the
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maximum 1ift of the arrangement might be improved by
cutting back the 1lip to a position dlrectly above the

flap leading edge, 1f 1t is impractical to extend the

flap fully to the existing lip location. Such a oondition'
was not tested because cutting back the lip would spoll

the model for pressure-distribution measurement on any of
the existing arrengements. S

The metdal forming the 1lip of the model was necessarily
relatively thick compared to the 1ip on the full-scale
section. This 1lip had been tapered to a sharp edge by

-removing metal from the lower surface of the lip, the

upper surface conforming approximately to the airfoil
contour. To investigate the effect of the 1lip shape, the
lip was bent downwards in a break in such a manner as to
duplicate the condition of thinning the lip by removing
metal from the top surface of the 1lip inastead of the
lower surface. For thils test the flap leading edge was
under the lip and the same gap (0.021c) was preserved.
The results (fig. 10) showed very little effect.

It 1s probable that similar flap arrangements on the
other models would s8lso improve the maximum 1ifts obtained.

Profile-drag coefficients for the low-drag model are
plotted againat 1lift 8oefficiegts in figure 12 for flap
deflections of 0°, 10°, and 20°. This model gave the
lowest drag coefficients of any of the models, flaps
retracted, up to a 1i1ft coefficient of about 0.7. At
higher 11ft coefficlents, without a sultable flap, the
drag was less favorable than for the Davis mcdel.
Deflection of the flap to the positions determined by the
brackets supplied did not extend the low-drag range to
higher 1ift coefficients (fig. 12).

Alternate flap positlions were accordingly tested to
extend the low-drag range. The new flap positions are
shown in figures 13, 14, and 15 and involve moving the
flap in such & manner as to keep the slot closed.
Deflections of 11° and 16° measured from the flap-
retracted position were tested and the results shown in
figures 10 and 16. The 16° deflection appeared to be the
moat favorable and allowed low-drag coefficlents to be
obtained up to a l1ift coefficient of about 1.2. This
position was tested with the gap in the lower surface
open (fig. 15) and alsoc with it filled with modeling clay.
Fi1lling the gap did not improve the drag. The drag tests
with the gap open were made with dams of modeling clay
placed in the gap on each side of the measuring position
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to prevent dead air from moving along the gap into or
away from the measuring position. Nevertheless, the drag
results with the gap cpen cannot he conslidered as accurate
but probadbly are indicative of the drags to be expected.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 29, 19j1.



Figure 1.- Davis model with flap deflected, upper surface.




Figure 2.- Davis model with flap deflected, lower surface.



Figure 3.- Davis model showing braces installed to prevent vibration of lip.
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Figure 14,- Low-drag model showing alternate flap position deflected 160, upper surface.




Figure 15.- Low-drag model showing alternate flap position deflected 16°, lower surface.
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